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(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain a steeL sheet 
having excellent formability, impact resistance and 
working and coating hardened quantity and excellent in 
corrosion resistance after coating by allowing the steel 
sheet to have a compsn. contg. C, SI, Mn and Cr, and the 
balance substantial Fe and a structure in which the main 
phase is composed of pro-eutectoid ferrite and the 
secondary phase Is composed of martensite or the like, 
and regulating the Si concn. ratio between the steel 
sheet surface and the steel sheet inside to a specified 



value or below. 

SOLUTION: The steel has a compsn. contg., by mass, 
0.05 to 0.40% C, 1.0 to 3.0% Si. 0.6 to 3,0% Mn, 0.2 to 
2.0% Cr, and the balance substantial Fe. The steel 
structure has pro-eutectoid ferrite as the main phase 
and the secondary phase composed of martensite, 
acicular ferrite and retained austenite. Preferably, the 
ratio of the secondary phase occupied in the steel 
structure is regulated to 3 to 40%, and, in the 
secondary phase, the ratio of martensite is regulated to 
10 to 80%, that of retained austenite to 8 to 30%, and 
that of acicular ferrite to 5 to 60%. Then, the Si 
concn. ratio between the steel sheet surface and the 
steel sheet inside is regulated to 21.3. 
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C : 0.05-0, 4(hnass%> Si : 1.0 -3.0 
mass%, Mn:0.6 — 3.0mass%. Cr:0.2 — 2.0 mass% 
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IK^JI 1 J C : 0.05-0.40mass96, 
Si : 1.0 -3.0 inass%., 
Mn : 0.6 -3.0 nass%Rt>' 
Cr : 0.2 —2.0 mass9o 

[l»?RJS2l S^Jll (CiJV^-C. SiafiStTJ^ $e>i; 
P : 0.01-0.2 mass96St>" 
Al : 0.01 —0.3 mass% 

Ti : 0.005 -0.25inass%St>' 20 
Nb : 0.003 -0.1 mass% 
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^'^\^mm. (BH) A^ 70MPa eatfiv^tt-^TPois 

^>*oyi<, COijDI • ^If-m-ftft (WH + BH) 

[0 0 0 4] --n. w§i^^'^\-~.s^Mc%^m.^?&mm. 

t LXit. #Bg¥9 -lllSSe-^-^^rffiUBg^^itTi.^^ J: 
*>i9)-5.Dual Phased (JJ-TD P^t v>-7 ) i)^^%^iXX 

[0 0 0 5] 

[Ife^^fBI^LJ;^ ti-;j.llS] ±iiEL;ttiJi9. 

/wo TR I P^4-f t;iJv»Tli, ««S?Jlg<OI^U 

ii-t o^Sfe ^ o /: /iit T- (iSllS*® t;Si Blftl^J 75*?$ 
-r^^&^A**'^, C<7)Siilft%Uft*LTftBKi!Lai475* 

[0 0 0 6] z.<T>^m{i.. ±ieosai;>frfiji-Sx.*<> 
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fifci--<<, f -TiS^SigiJjDXttsiiSii^uMLT, 

/: Sg!|f 14 ?r A « $ Hi: -5 * O :^ » t c o (, ^ T O S H 

ii*!)/:o t<r>^m. it«?i?^^14. j^wi-^tfi6t«!g!|f 
14i;ov^T(±l^5|i, !i«i:<7)P^ilT-#^$tt, 

5S « t t l±'£«i' L <) -^fltl 4- ra« I- *> * *> 

[HI] 

C i ) 

**2xioVs tr-mm) mmr- 

1^2] 

e = 2 X 10"/s 
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^S.-i^V-'/<y > :^ (TSXEI) ^ 24000 MPa • %U±t 

it& (WH + BH) MPa ii±i.z-ri>ztimmL 

ov>T, t<7)mmt^\tt<r>ri^m-'^^'xm^Lfzm 
t-f}^:f)W^-Bj^t^nx^tz^'\ z<D^^i-i hmmm 

sit 14 *^ft -tir-l. /IB t- 4- o r -& C 1 7j^'*:>7j>-o ;t o 

to 0 0 9] -ewT*. lfeW#<b(±. T^^iT^-^-f -^--f h 

M L t ^ ^ , liW n ffl7>«0. 30J-Jl± t v» T , ffi^Ttit* 

[0 0 10] L75^L^3i'~'b. 7>'<J;o4'*;j*f7i7'f' hJ-J. 

it <7) 1^^ U il« (7) t ff o yt: 1 1 T- (i {C S i b 

to 0 1 1 1 -f 'tt)*). Zco^mit. C : 0.05-0.40ma 
ss%^ Si : 1.0 —3.0 inass%> Mn : 0. 6 -3.0 inass%S 
O-'Cr : 0.2 -2.0 mass%?r-&*L. ^SI5(±IIS6<JUFe<^ 

mL\zrj:V)^ mmy^y^ vi^nt lx. -^juy^y-*)- 

-So 

[0 0 12] ^<oi&§gT-(±, m(r>m.^'r&iSLr~-o^^ ±i£ 

0. 01 -0. 2 inass%, Al : 0. 01 -0. 3 mass%<7) ^ *> 

LTTi : 0.005 ~0.25inass%, Nb : 0.003 -0. 
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(0 0 14] 
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10 0 16] g|2lC, C<0^?gOBE55-*l-iJlt4ft«W 
CCTia^r^-to mmiZTT^Ltztan. Cr^^-»r,^ip-r 
tm:or^'f h^jiitoy-X75^'f^iiL> -ft 

tUioT, l^2ffl?r^W7:.i7^ 

-5. ^ 1 7J*-C- § , < L Tgn/c)SB14 1 iSt«^#14 1 S: 

miimx.tzmmw.^m> - 1 § tz<r>x-iiho 

40 to 0 1 7] c^tc. $myy.y^ hta. ^^B&(r>m 

mt>^imtfi2}0ftta J^T, TX^i' hJt^H : 1.5 Jy, 
±, ■?-LrSI2ffltf<0-t;<>5'-Y h*fmS:**5%JliLTO 

(i, -bpo^^r h<o*fai*f#'<s.*'bix^ (io%j-j.±) 

W hi:liig5t{c|EgiJ$n'5tC5t?*^>o 
10 0 18] 113(a) CO|§?gnfi&i/M#'b*X^tl2 

I PSi<0^2fflOffiP^4:, ^#x-?--*t«^r-^-to 
50 <OTR I Pg30»2«l±, '^'T+'f hft::^®'}--;^^ 
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^0^2ffl(i: §my:^y^ ht'^)iy->'^^ hTb^^mik 

[0 0 19] z<o^mizis\.^x. ±uLfzm2m<om^ 

V - -9 O (i . ffl Jt'^;6^^ 3 % « Tt: V ^ h + 5t 4^ 

i^m h nr. -:^4o% ^ @ x. ^ <i: w u^'Tiin&T-r ^i^-hv 

f^S?*f-r ^ C i: U J: o r ilij^ L/Jo 

[0 0 2 01 tfz. »2+i(I:fott^#ffiOJt^(Iov^r 
(i. ■v';UT->-tf^ h : 10-80% (WSL<(i30-60 
%) . ^S^-;^-?^-:?-^ h : 8 --30% (SFi L<(i10- 
20%) . iW^jn^-f h : 5-60% (»S t<(i20-5 
0) tir^Zt^^iL^^o t^^^<Dlt. '^}Ur->^-( 

r\ -:^80%^®x.^(h#a^75ng:T-r^75-fb't:*)^o ± 

5SS^-;^T-t-^ h coit^T^^^ 8 %(:?«/:: 
^r#t>'7&^»«btir. -:^30%^@x^ titff|gi|f14;^?fg: 

T-r-i>o Mi::^ hcoit^7^^^5%U?®7l:4^v^ 

[0 0 2 fB*m^«:(Cd&i6^^fflOjfc?^i: L 

-15%fIS. h(i2-10%fISt-r^ 
ffl-e*);£)l9!J«f7-x^'f h t> »2ffi-C*^-r;i/T->-^>f 
«b^oTv^-i>t#'&(7)1iii(z. ^^^^ hffi4^<h7>^^^T*flii 

[0 0 2 2] >Xiz. Z(r>^miiZ^\.^x. m^<r>f&^m,f& 

irmtzommizm^Lfzmmiz^^^xisim't^o 

C : 0.05-0.40mass% 

cit. m(7y?mizmmz^^-t:bfznx^^<. ?ss:t- 

-S'*S7&^0.05mass%*jar'(i. L < . 

—:fjO.AOmass%imx.i>t^iti\S:T^'t^<OX\ CS 
(iO.05-0. 40mass%O®Hl^P56L/Co 
[0 0 2 3] Si : 1.0 -3.0 mass% 
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«9. ^<r)fzib[Z{t!}^-f^< ti^ 1.0mass%<7);i^J!jn^'£^^i: 
-r'S)?:)^ 3.0mass%^@x^;S^JD(i. i^140fg:T^}S< 

tir^O-C. Si-&*ft(i 1.0-3.0 mass%co^Him5e 

[0 0 2 4] Mn : 0.6 -3.0 mass% 

^^St!)^^ 0.6mass%*^S-e(i^cO?*»(r2L<> - 
70 3.0mass%«:^x.^ h5£140fg:T^*8< <7)T% Mnfiti 
0.6-3.0 inass%<7)^H(i|l^L/v:o 
[0 0 2 5] Cr : 0.2 -2.0 mass% 

HifiSL;t:<toii. m2immW^y^y 
^ Vit-t^o ^<r>fzi^\Z{t^ 0.2 mass%U±OiSS07&^dZ^ 
5'C-*^7&^ 2.0inass%S:@x.Tv3SjD-f '5)i:ffi:^Crj^fl: 

i(;fl^nii<i: t^fti-^OTN Crs(i 0.2-2.0 mass%0 
teffltl|S5e Lytic Ut L < (iO.3 mass%W,±1.8 mass% 
20 l^XTX^^o 

[0 0 2 6] I1I4S.0^^[1I5 tC. Crl:<h?SK-#0^>^*^> 

:^'BLXfmmnm.t(r>m%^z^^^xm^tz^^itix^ix 

^•To 114, 5 J:*9e^<b7j^^<l:-)(i. Cr#:t*7i'^0.2ina 
ss%J'J.±. 2.0mass%W.ToeHr% TSX El ^24000 (M 
Pa • 5<) . ftfitl n tt^O. 350ffiti/::SnXl±a<:/^lt«E# 14 

[0 0 2 7] tl±. **fiK*Hov^-CSi?g t/^7^^ 
f&^-efi. :t->^T--t-^ h^lS«:^t LTP^AK tfz 
LTTi^Nb*:. J^J.T<iOKH-t: jgl:'^*^ 

P : 0.01-0.2 mass% 

-a-^S^^i^^O. 01 mass % U M ^ v > i: O v.l^ tDS/j« US 

L<. o.2mass%S:ex.^<haitz:^X*nxi47&^^*fb-r 

-^OTn }3SSPl--l)*&^Uii0-01-0.2 mass%coieHi:"f 

[0 0 2 8] Al : 0. 01 -0. 3 mass% 
Alt. P tl^«> ?S@:^--:^7^:^^ h^^JS^^t LT* 
ffl i 4 O -5) i)K -k^^m. 01mass% {zmtz ^: t ^ 
40 (r)mmmz^L< . 0.3mass%^:®;i-2> 

f&TSrJg< <7)T*. i3SiJPi-^*i^tC(i0.01-0.3 mass%<7) 

[0 0 2 9] Ti : 0.005 -0.25inass%> Mb : 0.003 - 0. 

1 mass% 

TiSC^'Nbfiv^-ftit. ±mxh^y >i Y(ommt\^Z 

50 y-f Ytm^-t^^x. i)^^ifi)±i-^?5b**>* 
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10 0 3 0] 'Xtc, wOiiigi-ijv^T. mm.m.mtmw. 

IPilS^St^lSWitdOSiigSJt^rl.S 

j-iTtc-r* c i: t; i t) . mm9Mf>zs\mmi)^^mk<r> 
«^®«:ss*iA<9-^-'f n>r9v{;i •^eofgij-r-i.c 

0#Si?iS(cps) Sr, ^*X«|^*fUJ: i^iMjE 

4 DX* y h ?r^TV\ -!-C0f^55t:^ 5 %ONaCI j§}i5t- 
lOeragit^Hi:. i'OX^ y hSPtCi|iS25mn<7»ffAiPl40-t 

<r>m-m^~ii^^x . om^mm.^ mm) 5 mm, \:xt. x 

tii«(*lSCtoSiig)SJt^1.3 UT{--t-^^ tUJ: •)> 
[0 0 3 1 1 
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-eti-rixCov^T, «*X^^*fl-J: f)#'frra-®aT- 
Si5^S(cps) ^TiM^eLTSiiftSt L> -eottOitU J: 0 
5t?i«>-l.o i/c, i?«aiBtfll«rtffl5t<osiilSitSri.3 

\:XTr--ti,MrWm^m^'^^^X{t. #iciS3c-r^^>or- 

CTxff. (1) ms.'&t^±.i±&t<r>m~mm 
(2) «iX3»><bffiiss-e<owu->3 y hr^xhjaaayf 
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ggioeETSaa^lTT C (3) gcv5fef&UHfftiJ$:tT-7 
[0 0 3 3] ''kV~. COfl^qSiOSit^^Sl-OV^TSi^ 

««-a«leHI-^:-S.IB«:frif EI 2 11^ L7t<^i|]ffli^J-?& 
oT. }^i|l$-ti-*t(f^v^o -r^-^P*.. 780-980 "CSR 
10 T-|»":Kft±lfm]ir^> 620 - 780 "COjjgflf^i 9 -f hit 
oy-XiS^ST-J^iPty'wO-t,, coiaSJtic 1 -lofj; 
(X(4jS?**n) -r^ w t iz J: ») , ±fflT-*>-i>*;) 

^fSiiL. OV>T- 350 - 500 t;<7)$t*cV ^ 5 -f ViiLtX 

f^. 50"C/hm±<oia)ST-Sias -eJ^*Pi-'& c t J; 19 > 
h:*^'c>'fc^SS2fflSrffM^-<ir^<75r-*-J.o -eLT. HIS 
20 ±aLfci;94". (1) m±Mt^±.mmt(n^<nWi^'S. 

25kgf/ciTi2 Jil±<7)SET'X'^- 'J Vi'*. (2) #l)i7)'fbBI 
>^'^:7*)-^.v»(4x + >'/^•;^•r-gET^!!!!a> (3) ^?3fem 
[0 0 3 4 J 

i2oot:tcinlRf^, ffilESL. ov^r-ttJiit'SS : 86 

0 "CT-»:Wtt±tfE}S^#?-TL7t:co*,, eor/stOiSl^T- 
700'Ci-ei^illL, cco?a«{iioii'-<*i$LT;«^«=>, [IC 
JO <60"C/sCOi$lST-450 "CiT-j^iPLfccT)*,, 

?X>), #lll9f*1555-Kffilf L-CTj-ib, 100 "C/hr <OjaJS 
r-SiSt T-?&*|]Lf^o ^fit ^) S Ii10-20ppm . 

N(420-30ppin <7)^Hl*|T-* o /Co ^^^^-1. SiiXS*, 
^034«cDti^#q-tcoi/^T(4, ii«S®tiB«l*lS15i:<7)Si!S 
JSJt«r1.3 WTm--6;ti6(C, nmk. W&X^^^^ 

tlibOl^j^M-tCOV^T, U-f <iV.iSJS : 2X10-Vs<0^ft 

x^mwmimmL. i5$t^?*$(Ys)> 5i5SSis(TS)at>' 

40 #r>'(EI)$:*«6fCo -iCl-, *y#>'V>7'Uy->-V-/N' 
-K-^*t5rfflv^T, (#HB, : ttiM-tT'o-tXvol.g (199 

6) p.1108-1111) x>ii'^i&M: 2xio»/s n^n^-c^m 

KJ^«:3?ifet> #yf*no%<08#<0|i|HnM (fi6<Jn1t) 

(WH) iiS.l/^mk(Dm.^m-^ (170 "C) f^UJSlt^ 
m.nWitm. (BH) Uov>T<)a!ll5eU/^o WH, 
BH(4. l>-r.^j$R : 2x10-2/sO?|?g|i^^^«:flB 
^\ II 6 (CJ: 19**^^0 ttz. Siift'fblt^^?*?^*^^^ 
i±Sf filJf^:<OSi«aBD S w tL e, OH« SrO. SmmWHU L 
50 «®<0-?-fL-?'tLtco»,>-c, St3fcXjgli5-«fl-J: ')Si5fiS(c 
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